Nitrous acid (HONO), an important precursor of the hydroxyl radical (OH), has been 14 long-standing recognized to be of significance to atmospheric chemistry, but its 15 sources are still debate. In this study, we conducted continuous measurement of 16 HONO from November 2017 to November 2018 at the SORPES station in Nanjing of 17 eastern China. The yearly average mixing ratio of observed HONO was 0.69 ±0.58 18 ppb, showing a larger contribution to OH relative to ozone with a mean net OH 19 production rate of 0.59 ppb/h. To estimate the effect of combustion emissions of 20 HONO, the emitted ratios of HONO and NOx were derived from 55 fresh plumes 21 (NO/NOx> 0.85), with a mean value of 0.79%. During the nighttime, the chemistry of 22
constant proportion of 36% throughout the year. The soil emission revealed clear 32 seasonal variation, and contributed up to 40% of observed HONO in July and August. 33 A higher propensity for generating HONO on aerosol surface occurred in heavily 7 0.640, derived following an empirical relationship with PM2.5 in Nanjing (Shao et than HONO/NO2 in a way. As shown in Fig. 1(b) , the low value of HONO/NOx in 230 winter is attributed to heavy emissions because we see high mixing ratios of NO 231 during this cold season (Fig. 1c ), the reasons for two peaks of HONO/NOx in spring 232 and summer will be discussed in sections 3.3, 3.4 and 4. HONO increases rapidly in the first few hours and then stabilizes (in spring and 241 summer) or gradually climbs to its peak in the morning rush hour (in winter and 242 autumn). The accumulation during nighttime hours suggests a significant production 243 of HONO exceeding the dry deposition of HONO. As the sun rises, the HONO sink 244 will be strengthened by photolysis and the vertical mixing processes, resulting that the 245 peak times of the diurnal patterns of HONO concentration varies in different seasons. 246 During the daytime, the rate of HONO abatement is rapid before noon and then 247 becomes progressively until HONO concentration falling to the minimum. Given that 248 the photolytic lifetime of HONO is about 10-20 min at the midday (Stutz et al., 2000) , 249 the considerable HONO concentration during daytime indicates the existence of 250 strong production of HONO.
252
From the daily variations of the HONO to NOx ratio, we can further understand the 253 behavior of HONO in the atmosphere. HONO/NOx is regularly enhanced quickly 254 before midnight then reaches a maximum during the latter half of the night.
255
According to Stutz et al. (2002) , the highest HONO/NOx (or HONO/NO2) is defined 256 by the balance between production and loss of HONO at each night, the conditions 257 affecting the highest achievable ratio at nighttime will be discussed in section 3.3.
258
What's interesting here is the peak of the HONO/NOx ratio in the midday sun in 259 spring, summer and autumn, and even in winter, the ratio doesn't decline but remains 260 stationary before and at noon. As mentioned above, the good correlation of HONO with NOx ( Fig. 4a ) and the Within the one-year dataset, we select 55 freshly emitted plumes satisfying the criteria 323 above ( fitted line for HONO and NOx is 1.62%, higher than emission ratio 0.79% (Fig. 4a ), 341 and almost 80% of HONO is from HONOcorr that is not affected by emissions ( Fig.   342 4b).These imply significant secondary formation of HONO in the atmosphere. 
Heterogeneous conversion of NO2 to HONO during nighttime
345 346
The NO2-to-HONO conversion rate (CHONO)
347 348
In addition to emissions, heterogeneous reaction of NO2 on surfaces (R4, R5) is 349 believed to be the major formation pathways of nocturnal HONO. 
RH dependence of HONO chemistry
376 377
It appears that NO2 hydrolysis on humid surfaces (R4), having a first order absolute moisture content in the atmosphere is still greater than 10 3 ppm in our study, 394 which is quite abundant to react with NO2, but the HONOcorr/NO2 ratio is quite small 395 and remains unchanged when RH is below 45%, indicating that the NO2 to HONO 396 conversion efficiency should be determined by water covering the surfaces, rather 397 than by the amount of water in the air. (Fig. 1d ). This finding can be explained with a law that greater contributions of 451 NO2 heterogeneously reacting on aerosol surface to HONO cause better correlations 452 between HONOcorr/NO2 and PM2.5. Interestingly, this relationship can also be divided 453 approximately into two groups by NH3/CO; the correlation is good when the value of NH3/CO is lower than 2‰, but when NH3/CO is higher than 2‰, a poor correlation is 455 found. We will discuss this phenomenon further in section 4. After discussing the nocturnal formation mechanism of HONO, we now focus on 501 the chemistry of daytime HONO whose concentrations are still about 0.25-0.6 ppb at 502 noon with a lifetime of only 10-20 min (Fig. 2) Therefore, the undiscovered daytime source of HONO (Punknown) can be derived by Eq. Hence, we perform a correlation analysis to explore the potential unknown daytime 552 mechanisms of HONO (Table 3) . Punknown is better correlated with NO2*UVB than Our study suggest that the missing source of HONO should be considered in the air 570 quality forecasting or regional models to characterize atmospheric oxidizing capacity 571 better, especially in warm seasons (spring and summer). Based on the measurement 572 ( Fig. S3) , the light-induced heterogeneous conversion of NO2 to HONO on aerosol 
Semi-quantitative estimation of the contribution from different sources 577 578
From this and previous studies, we can conclude that not only the concentration of 579 ambient HONO but also the sources of HONO have temporal and spatial patterns, 
